The expression of ATP-binding cassette subfamily G member 2 (ABCG2) is related to tumorigenic cancer stem cells (CSC) in several cancers. However, the effects of ABCG2 on CSC-related malignant characteristics in pancreatic ductal adenocarcinoma (PDAC) are not well elucidated. In this study, we compared the characteristics of low 
| INTRODUCTION
Pancreatic cancer is the 4th leading cause of cancer death in Japan and the third leading cause of cancer death in the USA. The overall survival rate for patients with pancreatic cancer is 8%. 1, 2 By the year 2030, pancreatic cancer is expected to become the second leading cause of cancer-related deaths in the USA, trailing only lung cancer. 3 Pancreatic ductal adenocarcinoma (PDAC) is a major histological subtype, comprising 90% of all pancreatic cancer cases. Surgical treatment offers the only possible cure for PDAC; however, 80% of PDAC patients are inoperable at diagnosis. Even after surgery, the 5-year survival rate is 15%-20%, owing to the high metastatic rate and local recurrence. 4 Currently, chemotherapies or chemoradiotherapies are able to reduce tumor size and improve patients' prognosis, but these treatments do not fully eradicate PDAC cells in the patients.
A cancer stem cell (CSC) is defined as "a cell within a tumor that possesses the capacity to self-renew and to cause the heterogeneous lineages of cancer cells that comprise the tumor" (Clarke et al, p. 9340). 5 CSC constitute a small proportion of cancer cells and possess high tumorigenic potential in vivo. 6 The "stem cell theory" of cancer implies that CSC are responsible for tumor initiation, growth, and even metastasis. 7 CSC are also resistant to chemotherapy and radiation and are believed to be responsible for tumor recurrence after completion of adjuvant therapy. CSC chiefly remain in the G0 phase of the cell cycle and are less sensitive to radiation and chemotherapy than proliferating cells. 6 Furthermore, CSC possess an effective efflux pathway for anti-cancer drugs. Thus, researchers regard CSC as a new potential cancer therapeutic target. 8, 9 Because CSC efflux chemotherapy drugs efficiently, side population (SP) cells that rapidly efflux DNA-binding fluorescent dyes are used to select the CSC by flow cytometry. ATP-binding cassette, subfamily G, member 2 (ABCG2), which is widely expressed in various stem cell populations, is highly expressed in SP cells and is responsible for the maintenance of the SP phenotype. 10 In Taylor et al, 11 the detailed structure of human ABCG2 was determined by cryo-electron microscopy. As an important multidrug resistance transporter, ABCG2 has the capability to efflux various chemotherapy drugs and contribute to the drug resistance of cancer cells. 12 An SP phenotype and chemoresistance strongly imply that there is a close relationship between ABCG2 expression and CSC maintenance. The conserved expression of ABCG2 in stem cells from both normal tissues and tumor tissues again indicates an important role in stem cell biology. 13, 14 SP cells were examined in several types of cancer cells. ABCG2 expression showed that it is related with SP phenotypes enriched with tumorigenic CSC. 15, 16 In hepatocellular carcinoma, ABCG2 expression was shown to be correlated with CSC characteristics involving malignant behaviors. 17 However, the effects and significance of ABCG2 expression for CSC-related malignant characteristics in PDAC are not well elucidated.
To clarify the characteristic of ABCG2 in PDAC cells, we compared low ABCG2-expressing (ABCG2À) and high ABCG2-expressing 
| Sphere-forming assays
To form spheres, cells (1.0 9 10 3 cells/well) were plated in 24-well ultra-low attachment plates (Corning, Kennebunk, ME) or 96-well ultra-low attachment plates (Thermo Fisher Scientific) with growth medium. After 7 days, the spheres were photographed using a phase contrast microscope (Eclipse TS-100, NIKON). Spheres were then aspirated using micropipettes and put into microcentrifuge tubes for further experiments.
| Wound healing/cell scratch assay
Cells were seeded at a density of 7 9 10 3 cells on each side of an Ibidi Cultur-Insert (Ibidi GmbH, Martinsried, Germany), with a 500-lm separation between each side of the well, and allowed to grow for 23 hours in growth medium. After removal of the insert, cells
were incubated in the same medium. Cells were photographed using phase contrast microscopy at insert removal (0 hour) and following 23 hours of incubation.
| Boyden chamber assay
Cell culture inserts (8-lm pore size and 6 mm in diameter) were used according to the manufacturer's instructions. Cells at 5 9 10 4 cells/500 lL were placed onto the upper component of the inserts. After 12 hours, the number of cells that had migrated through the membrane to the lower surface of the filter were fixed and stained with a Diff-Quick Staining Kit (Polysciences, Warrington, PA, USA). Then, the cells were counted under a light microscope.
T A B L E 1 List of primer sets for real-time PCR
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| Statistical analysis
Quantitative data are presented as the means AE SD. Differences between 2 groups were analyzed by 2-tailed Student's t test. Differences were considered significant when P < .05. Computations were performed using Microsoft Excel 2010 (Microsoft Corporation, Redmond, WA, USA). Survival rates of cells after addition of 5-FU were around 25%
and gemcitabine administration showed approximately 55% survival of the cells. Unexpectedly, there were no significant differences in the survival rate between ABCG2+ and ABCG2À cells after treatment with these anti-cancer drugs ( Figure 2B,C) .
There is a report that ABCG2 contributes to resistance against vincristine, a component of standard CHOP therapy, in PDAC cells. 16 Therefore, we examined vincristine resistance in ABCG2+ cells. As shown in Figure 2D Unexpectedly, sphere-forming assays showed that ABCG2À cells exhibited more sphere formation than that in ABCG2+ cells (Figure 3A) . 
| Comparison of stemness between spheres from ABCG2À and ABCG2+ pancreatic ductal adenocarcinoma cells
In several types of cancer cells, freshly isolated ABCG2À cells express higher levels of stemness markers than ABCG2+ cells, resulting in conversion into tumor initiating ABCG2+ cells. 15 Furthermore, ABCG2 is known to be crucially related with stemness in areas such as cell proliferation and self-renewal. 21, 22 Sphere formation is a characteristic of stemness. We found that spheres from unsorted PDAC cells exhibited a predominant increase in stemness markers, including ABCG2 ( Figure S1 ). Then, we hypothesized that ABCG2À cells in adherent culture can generate ABCG2+ cells possessing stemness in spheres when cultured in ultra-low attachment plates. To clarify this tumor initiating ABCG2+ cells. 15 In contrast, ABCG2 expression was shown to be correlated with CSC characteristics involving malignant behaviors in hepatocellular carcinoma and proposed that ABCG2 is a potential CSC marker for hepatocellular carcinoma. 17 In PDAC cells, ABCG2 expression was suggested to be correlated with malignant CSC phenotypes. 23 In our recent study using lowvacuum scanning and transmission electron microscopy, we found that the spheres of PANC-1 cells contain a different type of cell that displayed a smooth cell surface or microvilli formation on the cell surface in low-attachment plates. 24 Normal pancreatic ductal 
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